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Abstract 
 
High-quality products can have burrs of microscopic size and unpredictable location. The 
processes available to remove these smaller burrs are complex, so identifying their presence can 
spare the use of expensive removal processes. This project has sought to see how a capacitance 
probe can be used to detect microscopic burrs. After designing a system to fixture the probe and 
parts, the capacitance sensing system was connected to an oscilloscope to detect for burrs along 
centerless-ground edges. 
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1: Introduction 
 
 
1.1: Objective 
 
To determine the plausibility and effectiveness of capacitance-based burr detection 
methods. 
 
 
1.2: Rationale 
 
Deburring is a burdensome task to perform and machine part companies may find 
that the process is not cost effective. Most large burrs, say, those visible with the naked 
eye, can easily be removed with a brush manually. However, burrs of smaller size require 
more intricate processes to be removed. These small chip protrusions from machined or 
grounded parts may be so small that they don’t interfere with the safety and use of 
whatever purpose they are designed for. However, companies wishing to maximize the 
quality, safety and durability of their products need to effectively remove all significant 
burrs. Depending on the application even burrs of microscopic size are capable of 
jamming a mating part, or cause a significant problem of wear by use. (Gillespie 1999) 
One type of process that is presently used to remove microscopic burrs is thermal 
energy deburring. This process is typically used for removing thin burrs but it also has the 
advantage of being able to remove burrs in many hard-to-reach areas at once. The process 
itself involves placing a machined or grounded part in a secure chamber leaving the burr 
edges open to the air. The chamber is filled with oxygen and combustion gas, and when 
enough gas is in the chamber it is ignited with a spark. The gas then ignites, only for 2-3 
milliseconds, but the temperatures reached are as high as 2,449-3,449 degrees Celsius, 
making the heat strong enough to vaporize burrs. The process is extremely effective, but 
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the cost of the machines and their maintenance for this method is higher than most 
methods of deburring. (Gillespie 1999) 
 Burrs are created not because of any machining errors; rather, they are a natural 
process of machining and blanking (Gillespie 1999). Because the metrology of a grinding 
wheel changes though use, just as other machining tools do, burrs are not necessarily 
created each time a part goes through a machining process that can cause burrs. Because 
of this it can be important to identify whether or not burrs are present and need to be put 
through a costly deburring process. If burrs are not able to be identified in a timely 
manner with production ever part will need to be deburred. Stanodyne, a diesel fuel 
system components company, is experiencing this difficulty and currently needs to put 
every piece of a certain type of fuel pump through thermal energy deburring. 
The most common method of identifying burrs is visually, with a microscope 
when necessary. This, however, may be hard to implement (e.g. due to part shape). In 
effort to provide alternatives capacitance sensing has risen as a possible candidate. 
Capacitance probes are designed to create an electric field between itself and the part to 
sense distance. Depending on the sensitivity of the probe this could be an easy, multi-
adaptable method of testing for the presence of burrs and maybe even the size and shape 
of them. 
 
1.3: State-of-the-art 
 
 Position detection via capacitance can be divided into two different categories: 
single-probe methods and double-plate methods. The single-probe method involves using 
a probe which in itself is meant to be one side of a capacitor. This probe will create an 
electric field between itself and a machined part. The volume of the field determines the 
value of capacitance; the probe understands what this value is and sends it back to a 
circuit driver that manages the probe. The driver understands the value and will output a 
voltage that can be configured into distance data. The probe needs to be close to the part 
in order to keep the electric field confined to the surface that it is testing against. In order 
to completely confine the electric field from the air a technique called guarding is used. 
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Guarding surrounds the back and sides of the probe with another conductor that uses the 
same voltage as the sensing area. Because they use the same voltage there is no electric 
field between them, and any conductive part other than what the probe is focusing on will 
interact with that other electric field. (Lion Precision 2004) 
 The double-plate method works in a similar way except that, instead of a single 
probe, two plates are attached to different workpieces, with the electric field generated 
between them. This method is more accurate because both plates of the system are 
specifically designed for the capacitance purpose. This system is, however, not as 
adaptable to mechanical circumstances due to the need of placing a probe of constrained 
size on a part.  
  
 
1.3.1: Patents 
 
One of the patents currently held on capacitance position detection is one that 
relates directly to burrs. It is entitled, "Sensor device for burr examination," and it 
describes a single-probe position measurement tool. The use for the tool on measuring 
burrs is "universal", in that it can be used on any type of burr surface whether it be an 
inner or outer edge. The description claims that the device is accurate enough to measure 
the extension length of burrs, although it does not give any idea of a sensitivity level. The 
device works on the basis that, as the probe moves along an edge the value of capacitance 
should stay the same, and should it differ either a burr is present or the change was 
intended in the part. (pat. #7023564 Jagiella, Fericean) 
While this patent holds for capacitance-sensing methods it is in fact for general 
sensor devices of burrs. It is applicable whether the sensor is capacitive, optical, 
induction-based, light-based or using any other sensing method. It duly notes, though, 
that using a capacitance probe requires that the cable between the probe and the 
electronics that it is linked to needs to be coaxial for shielding. Shielding is an important 
part of using a capacitance probe, and a lack of it will result in inaccuracy in 
measurements. Another important part in the description of this patent regarding 
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shielding is that the electronics that detect the distance should be encased inside the probe 
device, either partially or completely, to prevent interference. (Pat. #7023564 Jagiella, 
Fericean) 
 Another patent on this matter is entitled "Capacitance position sensor and position 
controller equipped with the sensor". It is for a general-purpose two-plate distance sensor 
consisting of the plates, an LC oscillator circuit and an arithmetic processing unit. The 
LC oscillator circuit is designed to detect not the exact value of capacitance in the electric 
field of the system but the presence of a change in capacitance. The arithmetic processing 
unit works with the rest of the system to give an output for the exact distance amount. 
The oscillator is important because it has the ability, as described in the patent, to operate 
without noise. The author also pronounces that this setup is cheaper than the average 
capacitance sensing system. (Pat. #6861848 Kasai et al) 
 
 
1.3.2: A Berkeley Thesis Work 
 
 In 1995 a similar project was done on using a capacitance probe to test for its 
ability to detect burrs. The two probes that were used in the project were Midas probes 
provided by the Extrude Hone Corporation. The probes each had hemispherical tips, one 
with a 3 mm diameter and other with a 1 mm diameter, and it was claimed that their 
sensitivity to distance was down to 0.05 microns. The project student, Fang Haoquan, 
needed to do his own form of calibration for the distance. This was done manually by 
noting the voltage output difference from the probe for 10 micron intervals where the 
actual distance between the probe and the part were known. The burrs themselves were 
then put through their own form of calibration. The stand-off distance, burr thickness and 
burr height were factored into configuring the output into approximating the height of the 
burr as if it were only a 1-dimensional issue. 
 The workpieces that were tested in this project had results shown in the format of 
height in millimeters up to 0.8 for a length of travel along the part edge of up to 10 
millimeters. The graphs compared the visually-tested height of the burrs with the data 
 7 
from the capacitance probe. It is apparent that the probe is not sensitive to much change 
within a range smaller than 1 millimeter, where the probe output can be off from the 
actual height. It was concluded that the capacitance probe was capable of testing for the 
presence of burrs in most cases with only minor differences between it and the visual 
method. 
 At the end of the work the author suggests further work on the subject including a 
more accurate calibration scheme and letting the probe be usable along more than just 
straight edges; both of these are taken up in this project. (Haoquan 1995) 
 
 
1.3.3: Industry Products 
 
 Lion Precision is a company that offers single-probe capacitance systems. The 
total system includes the probes themselves as well as drivers to calibrate the readings 
from the probe. The drivers produce a DC voltage output for electronic devices to 
understand as distance data. Their probes and drivers are interchangeable, although the 
drivers must be calibrated for each probe. 
 Lion offers seven different types of probes, each with their own size, range, and 
near gap. The range is the distance that the distance that the part can move away from the 
probe and the near gap is the smallest distance that the probe can be to the part and be 
used for accurate measurements. The smaller probes have more fine resolutions, smaller 
near gaps and smaller ranges than the larger probes. The resolutions range from 0.4 nm to 
200 nm. The drivers offer different channels and are also capable of running the probes at 
different levels of sensing ability. (Lion Precision 2008) 
 Physik Instrumente is a nanotechnology product company. They offer both single-
probe and dual-plate capacitance systems. Their single-probe systems are similar to those 
by Lion Precision but they offer less selection. More emphasis is placed on their dual-
plate systems which offer resolutions under 0.01 nm. (Physik Instrumente 2008) 
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1.4: Approach 
 
 This work will seek to advance capacitance-detection methods by using a Lion 
Precision capacitance position-sensing system with an RD22 driver and an F-size probe 
(sensing area of 0.5 millimeters, resolution 5 nm) (Lion Precision 2008). This system will 
be used on the steel centerless-ground fuel pump parts from Stanodyne. This application 
is not the one for with the capacitance probe was designed, however if proven successful 
it gives credit to the idea and future research on it. 
 The voltage output from the device will be connected to an oscilloscope. When 
working with cylindrical parts like the ones from Stanodyne the part will be moved only 
in a and various areas around the located burrs will be sensed. A significant change in the 
value from the capacitance system will be a sign that the system is sensitive enough for 
the edge. 
 In order to work with the sensitivity of the capacitance a mechanical system needs 
to be designed that will fix the probe and the part in correct positions and allow the 
correct type of movement of each. 
 Finally steps will be taken to decipher the data from the system, since the output 
won't be related to the distance because the part we're working with does not have a flat 
face.  
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2: Methods 
 
  
 The objective of this project is to determine the reliability of capacitance sensors 
to detect burrs. In order to do this a system needed to be created and configured to 
maximize the effectiveness of the probe to work on the edge of the part. Stability of the 
system and workpieces is another factor that is crucial due to the sensitivity of the 
system. Finally, the safety of the parts is of concern since damage to the edges or possible 
steps that would accidentally remove the burrs is important to prevent. 
 The first important piece of the design was how the part was to be fixed. Rotation 
was necessary, and all other forms of movement needed to be restricted. While rotating 
positioning plate would have been a exact method it was more expensive and would have 
been more difficult to implement then the method that was chosen. A v-block was chosen 
to hold the part, where a metal block sitting on one side of it prevented the part from 
translating along the v-block path. Initially, to prevent damage to the part, it was decided 
that a plastic v-block would be best for our application.  
 
 
 
 
 
 
 
 
 
 
 
 
 After testing the part some, however, it was clear that the edge of the v-block (cut 
with a band saw), not to mention the modulus of the material was not going to allow for 
Figure 1: Plastic V-Block 
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the exactness that was needed in the project. A metal v-block replaced the old design and, 
after cleaning the surface, proved effective for rotating the part without safety risk. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The second part of the system was the fixture for the probe. Because of the space 
above the v-block, the best angle for the probe to be fixed was vertically down. The 
fixture was constructed from chemistry clamps with small rubber-tipped grippers holding 
the probe in place. Initial tests, though, proved that the setup was noticeably susceptible 
to vibration. In order to reduce the signal noise from vibration a large aluminum base was 
constructed for the base of the chemistry set to be fixed. 
 
 
 
 
 
 
 
 
 
 
Figure 2: Metal V-Block 
Figure 3: Probe Clamp 
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 The probe needed to be in the near range of 50-100 microns in order to have a 
calibrated signal. This was very difficult to achieve with the simple mechanics of the 
equipment available. By tuning the probe's position in the rubber grippers they were held 
by (the rubber provided an effective friction force against excessive movement) an 
acceptable distance was able to be achieved. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: The Driver Indicating the Probe's Acceptable Distance 
Figure 5: Close-up Picture of the Probe 
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The next piece of design was the configuration of the oscilloscope. Startup tests 
revealed many factors that needed to be handled. 
 For one, the signal was not stable at the edges. Below are photographs of the 
difference in signal between the probe fixed at the outer diameter of the part and the 
probe fixed at the edge of the centerless-ground area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Signal for the Outer Diameter Area 
Figure 7: Picture of the Probe Fixed for the Outer Diameter 
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 What became apparent through testing was that the signal would always be rough 
if the probe was at the edge, but if the sensing area of the probe took up less space of the 
edge, the signal would become clearer. Shown below is an example which exhibited 
improvement from the previous edge graph. 
Figure 8: Signal for the Grounded Edge 
Figure 9: Picture of the Probe Fixed for the Edge 
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By configuring the voltage and time divisions on the oscilloscope, readings of a 
higher resolution produced at a higher frequency were able to be obtained. The reading 
Figure 10: Signal for and Edge with the Probe Fixed More Towards the Outer 
Diameter 
Figure 11: Picture of the Probe Fixed for a More Accurate Edge Signal 
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near the edge, though, was still far too fuzzy to interpret. It was therefore necessary to 
modify the signal to get a more accurate reading. 
One of the methods capable of this was to have the readout show an average of 
readings for a period of time cycles. Below are pictures that show this difference. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Another method that proved valuable in finding a clear reading for the meaning of 
the signal was simply measuring the average value for a signal over a time period. This 
Figure 12: Signal Before Averaging 
Figure 13: Signal After Averaging 
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method was chosen over the averaging function because of how the average took time to 
calculate accurately. 
Despite the accuracy achieved with the steps above precise methods were still 
necessary in order to test the probe properly. In order to rotate the part with little 
movement other than rotation a cotton swab was placed into the open end of the 
Stanodyne part and rotated. This was a better alternative to using a finger to rotate it since 
not only was it more cumbersome, but the oils on the skin sometimes stuck to the part. 
The signal from the probe still varied on occasion when being rotated, so in order to 
obtain precise readings the part would need to be rotated slightly (about the length across 
the sensing area of the probe) and then stopped for a reading. Markings on the parts 
indicated where burrs had been sighted, and it was around these areas of the edges that 
the probe was tested. The room in which the tests were done also made a difference in the 
results, as improvement was noticeable between where the initial tests were done, on a 
basic 4-leg table with multiple computers in a room with multiple of people, and where 
the final tests were done, in a room with almost no people on a sturdy top. 
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3: Results 
 
 Three different parts were analyzed in testing, and each resulted in a significant 
change in output value from the capacitance system around the area of the burr. Shown 
below are the graph changes  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14: Part 1 Signal Out of Burr Range, 8.02 V 
Figure 15: Part 1 Signal In Burr Range, 9.07 V 
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Figure 17: Part 1 Figure 16: Part 1 Burr Location 
Figure 18: Part 2 Signal Out of Burr Range, 4.64 V 
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Figure 19: Part 2 In Burr Range, 5.02 V 
Figure 21: Part 2 Figure 20: Part 2 Burr Location 
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Figure 22: Part 3 Signal Out of Burr Range, 8.83 V 
Figure 23: Part 3 Signal In Burr Range, 9.35 V 
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Figure 24: Part 3 Figure 25: Part 3 Burr 
Location 
Figure 26: Entire Test Setup 
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4: Discussion 
 
 It is very fortunate that the device in this project has shown the ability to work for 
this type of application, as it opens the doors to future possibilities.  
 The clear step to improve testing for this system is to use a more accurate 
mechanical positioning system that is also more resistant to vibration. Not only would 
this produce more accurate results, it would also allow the driver to output smoother 
values so that differences in capacitance could be seen faster and easier. This is certainly 
important from a manufacturing standpoint. 
 The difference in voltage between the results in the burr range and out of the burr 
range was also different for each part. This gives us an indication that capacitance probes 
have the ability to detect, in some sense, the size of the burr. Because the burr is only a 
small part of the field, and therefore a small part of the volume, the distance data that 
would be understood from the voltage value of the system is not accurate. Different types 
of probes, whether they are available or not, might be able to achieve size measurements. 
 While certain types of probes capacitance probes were understood in this project 
it is possible that more of different types exist on the market, like the hemispherical-
tipped ones used in Haoquan's thesis. Because the face of the probe used in this project 
was flat it was unable to approach the centerless-ground edge on the part at an angle to 
see how the results would be different. 
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5: Conclusions 
 
 
 Capacitance sensing at the small scale of this project has proven to be an 
acceptable and workable method. While improvement lies ahead, this method might be 
able to be implemented at Stanodyne with only some machine upgrades to assure precise 
measurements. It was fortunate that, in this project, the location of the burrs were 
predetermined. This will not be the case at Stanodyne, so precision is of the utmost 
importance. Depending on the equipment that manages the parts, the time that is taken to 
sense the edge for burrs can be determined, and that is important because the parts in 
study here are produced once every 18 seconds. 
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